Introduction {#sec1}
============

Binary mixtures of limited miscibility constitute significant chapters of physical chemistry,^[@ref1],[@ref2]^ phase transitions physics,^[@ref3]^ and the soft matter physics.^[@ref4],[@ref5]^ de Gennes "officially" introduced the latter during his Nobel Prize lecture, as systems with the dominance of collective and mesoscale structures and the extraordinary sensitivity to external perturbations.^[@ref6]^ Near-critical mixtures of limited miscibility are a unique soft matter system for which "collectiveness" and the sensitivity to perturbations ("*softness*") can infinitely increase on approaching the critical consolute point (CCP).^[@ref1],[@ref3]^ They are essential for a variety of significant applications ranging from petrology^[@ref7],[@ref8]^ to modern material engineering.^[@ref9],[@ref10]^ The knowledge of temperatures and concentrations controlling phase transitions from the homogeneous liquid to coexisting liquid phases is the base of liquid--liquid separation or liquid--liquid extraction technologies, relevant in the chemical,^[@ref9]^ food,^[@ref11]^ and pharmaceutical^[@ref12]^ industries. In recent years, the significance of mixtures of limited miscibility in biology has risen as the phenomenon which underlies the formation of membrane compartments in cells.^[@ref13],[@ref14]^ Near-critical phase equilibria have become significant for biotechnology^[@ref10],[@ref11]^ or even medicine. The latter is associated with the evidence that the phase separation process can yield aberrant condensates, possibly associated with some forms of cancer or neurodegeneration.^[@ref15],[@ref16]^ However, the phase separation process may also offer an opportunity for therapeutic interventions.^[@ref17]^

The basic "demixing process" in mixtures of limited miscibility is described by the coexistence curve (binodal) terminated at the upper CCP (UCCP).^[@ref1],[@ref3],[@ref9]^ Amazing features in the surrounding of UCCP, as well as near the gas--liquid critical point (GLCP) in one component fluids, allow considering this domain as the new "critical state of matter". It is characterized by universal patterns observed in microscopically distinct "critical" systems and explained by the *Physics of Critical Phenomena*.^[@ref3]^ Unique properties are the consequence of the dominance of collective and pretransitional fluctuations whose size (the correlation length ξ) and the lifetime (τ~fl.~) describe relations^[@ref3],[@ref8],[@ref19]^where *T*~C~ is the critical temperature, ν denotes the critical exponent of the correlation length, and *z* is the dynamical exponent; ξ~0~ and τ~0~ are critical amplitudes.

Critical exponents and ratios of critical amplitudes for different physical magnitudes are universal and depend solely on space (*d*) and order parameter (*n*~op~) dimensionalities. Consequently, all systems in the near-critical state can be arranged into (*d*, *n*~op~) universality classes. For critical mixtures of limited miscibility, one obtains: ν ≈ 0.625 and *z* = 3, what yields *z*ν ≈ 1.875. They belong to the (3, 1) universality class, together with the GLCP, a simple magnetic system with the Curie point, and the Ising model system.^[@ref3],[@ref9]^

However, there is a notable difference between one-component fluids with the GLCP and binary mixtures with the CCP. In 1878, Gibbs^[@ref20]^ introduced the phase rule for predicting the number of allowed coexisting phases: *F* = *C* -- *P* + 2, where *F* is the number of degrees of freedom, *C* is the number of components, and *P* is for the number of coexisting phases. Kohnstamm^[@ref21]^ proposed its extension to include "near-critical states" for which *F* = *C* -- \[*P* + (*P* -- 1)\] + 2 = *C* -- 2*P* + 3\]. The term (*P* -- 1) is for the maximal possible number of "critical phases," linked originally to the number of disappearing meniscus separating coexisting phases. For a one-component system (*C* = 1), one obtains *F* = 0, and only a single GLCP can be expected. For binary mixtures (*C* = 2) of limited miscibility, *F* = 1 and a line of critical points, if changing pressure, appears. Compressing can also influence the critical consolute concentration, as well as such properties of critical mixtures as dielectric constant, diffusion, refractive index, electric conductivity, diffusion rates, or viscosity.^[@ref9],[@ref22],[@ref23]^

Regarding the impact of pressure on the critical consolute temperature, there is a set of heuristic, thermodynamic predictions,^[@ref9],[@ref22],[@ref23]^ but the most important seems to be the phenomenological relation introduced by Myers, Smith, Katz, and Scott (MSKS)^[@ref24]^where *H*~E~ is the mixing enthalpy excess, for critical mixtures with the UCCP^[@ref10]^*H*~E~ \> 0; *V*~E~ denotes the volume excess of the mixture.

The importance of d*T*~C~/d*P* coefficient for the temperature behavior under atmospheric pressure is briefly presented in [Appendix 1](#app1){ref-type="other"}. It also recalls extraordinary properties of critical mixture possible to arrange because of the selection of constituents.

The impact of pressure is also evidenced for the critical consolute concentration. To the best of the authors' knowledge, this issue is addressed only in ref ([@ref25]), where the following empirical dependence was introducedwhere *x*~C~ is given in mole fraction. Values *x*~C~ and *T*~C~ are related to atmospheric pressure.

[Equation [3](#eq3){ref-type="disp-formula"}](#eq3){ref-type="disp-formula"} is obtained because of the analysis of experimental data in the low-pressure regime, *P* \< 13 MPa.^[@ref25]^ Hence, the question of the impact of higher pressures (*x*~C~(*P*)) remains.

The liquid--liquid coexistence curve (binodal) below the critical consolute temperature is portrayed by relations^[@ref3],[@ref26]^where Δ*x* = *x*~L~ -- *x*~U~ is the metric of the order parameter, *T* \< *T*~C~, *x*~U~ and *x*~L~ are related to the concentration of the selected component of the binary mixture in the upper and lower coexisting phase, respectively, and d(*T*) is for the diameter of the binodal. In square brackets, correction-to-scaling terms, necessarily remote from *T*~C~,^[@ref27]^ are given values of critical exponents for (3, 1) universality class: α ≈ 0.115, β ≈ 0.325, and Δ~1~ ≈ 0.5.^[@ref3],[@ref26]^

Linking [eqs [4](#eq4){ref-type="disp-formula"}](#eq4){ref-type="disp-formula"} and [5](#eq5){ref-type="disp-formula"}, two 'branches' of the binodal *x*~U~(*T*) and *x*~L~(*T*) can be described.^[@ref26]^ Generally, [eqs [4](#eq4){ref-type="disp-formula"}](#eq4){ref-type="disp-formula"} and [5](#eq5){ref-type="disp-formula"} can be expressed using concentrations in mole fraction *x*(*T*), volume fraction φ(*T*), \... or by such physical properties as density (ρ), refractive index (*n*), and dielectric constant (ε).^[@ref26]^

For decades, the diameter ([eq [5](#eq5){ref-type="disp-formula"}](#eq5){ref-type="disp-formula"}) was described using the Cailletet--Mathias (CM) law of rectilinear diameter:^[@ref1],[@ref3],[@ref28]−[@ref30]^*d*(*T*) = *x*~C~^CM^ + *a*~*x*~*T*, *d*(*T*) = φ~C~^CM^ + *a*~φ~*T*, or *d*(*T*) = ρ~C~^CM^ + *a*~ρ~*T* and served as the basic tool for determining the critical concentration or density (*x*~C~, φ~C~, ρ~C~, \...). Their determination is always puzzling because of the "flatness" of the top of the coexistence curve.^[@ref1]−[@ref3],[@ref26],[@ref28]−[@ref30]^ Four decades ago, it became clear that the CM law of rectilinear diameter failed, and the precritical anomaly of the diameter is crucially important. However, its detection and portrayal were a challenge because of its weakness matched with the experimental error.^[@ref26],[@ref29],[@ref30]^

Notably, the simplified description of pretransitional/precritical effects via only a single power term is also possible but only in the immediate vicinity of *T*~C~.^[@ref3],[@ref9]^ In practice, the analysis of experimental data requires some temperature range Δ*T*~r~, which leads to effective critical exponents. For instance, for the order parameter^[@ref18],[@ref19],[@ref26],[@ref31]−[@ref33]^where the effective exponent: and then β~eff.~ ≥ β.

Regarding the impact of pressure, the postulate of the isomorphism of critical phenomena assumes the same universal description of the coexistence curve under arbitrary pressure.^[@ref3]^

The values of critical consolute temperatures and concentrations are system-dependent. Studies of their shifts by compressing or in homologous series of mixtures, with a systematically changed component, can be the way for searching new scaling patterns or links of *T*~C~ and *x*~C~, φ~C~ to molecular properties.^[@ref16],[@ref31]^ The basic reference constitutes the mean-field theory by Flory et al.^[@ref34]^ developed for polymer---low molecular weight solvent critical mixtures and resulted in following universal "scaling" patterns^[@ref34],[@ref35]^where *N* stands for the number of monounits in the polymer.

Yelash et al.^[@ref36]^ resumed the mentioned model and tested available experimental φ~C~(*N*) values in various systems. They suggested the function: to explain the "general" empirical and experimental relationwith exponents within the range 0.37 \< *N* \< 0.5.

However, three adjustable parameters in the Yelash et al.^[@ref36]^ relation yield a significant problem for the analysis and validation. Worth recalling is also the equation by An et al.,^[@ref37]^ who focused on the ratio of critical concentrations of components in binary mixtures

The analysis of ten homologous series of binary critical mixtures containing both polymers and low-molecular weight systems yielded exponents 0.31 \< *r*~2~ \< 0.74 and 0.16 \< *r* \< 0.43, respectively.^[@ref35]−[@ref37]^

Results recalled above are for the UCCP. In refs,^[@ref38],[@ref39]^ the opposite case was tested, namely: (i) high-molecular weight polystyrene--*n*-alkane mixtures (5 \< *n* \< 13), and (ii) for such mixture, the lower CCP (LCCP) exists. The authors proposed the numerical solution for the Born--Green--Yvon theory-based to test *T*~C~(*n*) behavior; the fair agreement for 8 \< *n* \< 13 was obtained. Imre et al.^[@ref40]^ tested the impact of pressure on polystyrene (*M*~w~ = 1.24 kg/mol) and *n*-alkane (from octane to tetradecane) mixtures with the UCCP. They reported the shift d*T*~C~/d*P* \< 0 → d*T*~C~/d*P* \> 0 with the increasing length of *n*-alkanes. The parallel rise of *T*~C~(*n*) and critical concentrations (in weight fractions) is reported.

This brief resume indicates that despite decades of studies, essential aspects of the impact of pressure or molecular properties on near-critical binary mixtures of limited miscibility remain puzzling and poorly evidenced. It is particularly relevant for the most basic case of mixtures based on low-molecular weight liquids with the upper critical consolute temperature.

This report shows the experimental evidence aimed at filling the mentioned cognitive gaps. It is based on studies on nitro-compound (nitrobenzene, *o*-nitrotoluene, and 1-nitropropane) + *n*-alkane mixtures of limited miscibility. Studies revealed new patterns for *T*~C~(*n*,*P*) and *x*~C~(*n*) evolutions, particularly discussing the behavior related to: (i) d*T*~C~(*P*)/d*P* \> 0 and (ii) the crossover from d*T*~C~(*P*)/d*P* \< 0 to d*T*~C~(*P*)/d*P* \> 0. The explanation of observed phenomena based on volume excess and nonlinear dielectric effect (NDE) studies is proposed. In [Appendix 2](#app2){ref-type="other"}, the similar behavior in the oligostyrene--*n*-alkane critical mixtures^[@ref40]^ is discussed. Finally, the high-resolution detection of the coexistence curve under high pressures shows that the preservation of universal critical exponents, matched with the extreme violation of the CM law of rectilinear diameter,^[@ref28]−[@ref30]^ was not observed under atmospheric pressure. The fiasco of the law of rectilinear diameter cancels the basic tool for determining the critical concentration, what constituents some problem in the last decades. This report introduces the "new tool" for simple and reliable (*x*~C~, *T*~C~) determination, based on the analysis of relative volumes occupied by coexisting phases (see the [Experimental Section](#sec4){ref-type="other"}).

Results and Discussion {#sec2}
======================

Critical Consolute Point {#sec2.1}
------------------------

Studies were carried out for three homologous series of critical mixtures composed of nitro-compounds and *n*-alkanes. Such systems are convenient for dielectric studies because of different dielectric constants of components, namely ε = 25--30 for nitro-compounds and ε ∼ 2 for *n*-alkanes and relatively low electric conductivities.^[@ref41]^ In these mixtures, dielectric constants for the homogeneous liquid as well as the upper and the lower coexisting phase are dramatically different, what facilitates precise estimations of the phase separation parameters (temperature, concentration, and pressure).

[Figures [1](#fig1){ref-type="fig"}](#fig1){ref-type="fig"} and [2](#fig2){ref-type="fig"} reveal simple patterns that follow critical consolute temperatures and concentrations within the tested homologous series of critical mixtures:where *x*~C~ is given in mole fractions and *T*~C~ (K); *n* stands for the number of carbon atoms in the molecule, or it is the metric of the length of *n*-alkane molecules. The latter can also be noted as the sequence of units H--\[CH~2~\]~*n*~--H.

![Evolution of critical concentrations (in mole fraction) for nitro-compounds + *n*-alkane critical mixtures. The applied scale shows that for all tested homologous series *x*~C~ ∼ *n*^1/2^. Values of parameters related to [eq [10](#eq10){ref-type="disp-formula"}](#eq10){ref-type="disp-formula"} are given in [Table [1](#tbl1){ref-type="other"}](#tbl1){ref-type="other"}.](ao0c01772_0001){#fig1}

![Evolution of critical consolute temperatures in nitro-compound--*n*-alkanes critical mixtures. It is presented using the scale showing the prevalence of the description via the relation *T*~C~ ∼ *n*^2^. Values of parameters related to [eq [11](#eq11){ref-type="disp-formula"}](#eq11){ref-type="disp-formula"} are collected in [Table [1](#tbl1){ref-type="other"}](#tbl1){ref-type="other"}.](ao0c01772_0007){#fig2}

Notably, the Flory-type models are based on the volume fraction ([eqs [7](#eq7){ref-type="disp-formula"}](#eq7){ref-type="disp-formula"}--[9](#eq9){ref-type="disp-formula"})^[@ref34]−[@ref37]^ and directly do not yield the simple "scaling behavior", as evidenced in [Figures [1](#fig1){ref-type="fig"}](#fig1){ref-type="fig"} and [2](#fig2){ref-type="fig"} and [eqs [10](#eq10){ref-type="disp-formula"}](#eq10){ref-type="disp-formula"} and [11](#eq11){ref-type="disp-formula"}. For a binary mixture with A and B components, the concentration in mole fraction (*x*) shows the comparison of the number of A-type and B-type molecules. The volume fraction (ϕ) is related to the relative volume occupied by A-type molecules in the mixture. Consequently, [eq [10](#eq10){ref-type="disp-formula"}](#eq10){ref-type="disp-formula"} for the critical concentration seems to correlate with [eq [9](#eq9){ref-type="disp-formula"}](#eq9){ref-type="disp-formula"} and the "ideal" Flory model^[@ref34],[@ref35]^ with the exponent *r*~2~ = 1/2, although it was not "designed" for mixtures based on the low-molecular weight liquids. The authors did not find a model explaining the simple power dependence found for the critical consolute temperature ([eq [11](#eq11){ref-type="disp-formula"}](#eq11){ref-type="disp-formula"}). The presented results also indicate that the focus on the mole fraction can be a promising path in searching for scaling patterns in critical binary mixtures.

[Figures [3](#fig3){ref-type="fig"}](#fig3){ref-type="fig"}--[5](#fig5){ref-type="fig"} presents pressure dependencies of critical consolute temperatures, for tested critical mixtures. The normalized scale shows that for nitrobenzene ([Figure [3](#fig3){ref-type="fig"}](#fig3){ref-type="fig"}) and *o*-nitrotoluene ([Figure [4](#fig4){ref-type="fig"}](#fig4){ref-type="fig"}) + *n*-alkane mixtures, the crossover d*T*~C~/d*P* \< 0 → d*T*~C~/d*P* \> 0 with the increasing length of *n*-alkanes takes place.

![Normalized pressure changes of critical temperature consolute in nitrobenzene--*n*-alkane critical mixtures. As references, values of critical consolute temperatures under atmospheric pressure are taken. The structure of nitrobenzene molecule is also presented. Solid curves show superior fitting of experimental data via [eq [12](#eq12){ref-type="disp-formula"}](#eq12){ref-type="disp-formula"}, supported by the derivative analysis via [eqs [13](#eq13){ref-type="disp-formula"}](#eq13){ref-type="disp-formula"} and [14](#eq14){ref-type="disp-formula"}. The plot contains data from ref ([@ref42]), supplemented by five new critical mixtures and fitting of experimental data. The values of the parameters are collected in [Table [2](#tbl2){ref-type="other"}](#tbl2){ref-type="other"}.](ao0c01772_0008){#fig3}

![Pressure changes of critical temperatures for *o*-nitrotoluene--*n*-alkane mixtures. As a reference, values of *T*~C~ under atmospheric pressure are assumed. The structure of *o*-nitrotoluene is presented. The plot contains authors' data, partially published in ref ([@ref42]), in a notably extended range of pressures and results if fitting via [eq [12](#eq12){ref-type="disp-formula"}](#eq12){ref-type="disp-formula"}, with parameters collected in [Table [2](#tbl2){ref-type="other"}](#tbl2){ref-type="other"}.](ao0c01772_0009){#fig4}

![Pressure changes of critical temperatures for 1-nitropropane--*n*-alkane critical mixtures. As a reference, values of *T*~C~ under atmospheric pressure are assumed. The structure of 1-nitropropane is presented. The plot contains authors' earlier experimental data,^[@ref42]^ supplemented by new measurements extending the range of pressures. There are also results for three new critical mixtures and fitting of experimental data. Solid curves are related to [eq [12](#eq12){ref-type="disp-formula"}](#eq12){ref-type="disp-formula"}, with parameters given in [Table [2](#tbl2){ref-type="other"}](#tbl2){ref-type="other"}.](ao0c01772_0010){#fig5}

It is shown in [Figure [3](#fig3){ref-type="fig"}](#fig3){ref-type="fig"} that even the "design" of a quasi-critical mixture for which d*T*~C~/d*P* ≈ 0 in a broad range of pressures is possible. Such behavior obtained by the "*fractional n-alkane*" is defined as the mixtures of decane (*x* = 0.6 mole fraction) and undecane (*x* = 0.4 mole fraction). One can consider it as "fractional" *n*-alkane associated with *n* = 10.6.

For 1-nitropropane + *n*-alkanes, critical mixture ([Figure [5](#fig5){ref-type="fig"}](#fig5){ref-type="fig"}) experimental data for the normalized temperature scale *T*~C~(*P*) -- *T*~C~(*P* = 0.1 MPa) overlap for all tested critical mixtures, with monotonously decreasing value of d*T*~C~/d*P* \> 0 on compressing.

Pressure changes of *T*~C~(*P*) dependencies for all tested critical mixtures can be well portrayed by the relation originally introduced for describing pressure changes of the glass temperature, which can be derived from the extended Clausius--Clapeyron equation^[@ref43]−[@ref45]^where Δ*T*~C~(*P*) = *T*~C~(*P*) -- *T*~C~, *T*~C~ = *T*~C~(*P* = 0.1 MPa), *R*(*P*), and *D*(*P*) are for the rising and damping terms, respectively; Δ*P* = *P* -- *P*~C~^ref.^, Π = π + *P*~C~^ref.^, and −π is the extrapolated, negative pressure asymptote for *T*~C~(*P* → −π) → 0.

Optimal values of parameters, as shown in [eq [12](#eq12){ref-type="disp-formula"}](#eq12){ref-type="disp-formula"}, can be determined using the following transformation of *T*~C~(*P*) experimental data, resulted directly from [eq [12](#eq12){ref-type="disp-formula"}](#eq12){ref-type="disp-formula"}, namely^[@ref43]−[@ref45]^

Plots (dln *T*~C~/d*P*)^−1^ versus *P* yield a linear dependence if in [eq [12](#eq12){ref-type="disp-formula"}](#eq12){ref-type="disp-formula"}, the damping term can be neglected: *c* → ∞, *D*(*P*) = 1, and d*T*~C~/d*P* \> 0. The presence of the damping term *D*(*P*) in [eq [12](#eq12){ref-type="disp-formula"}](#eq12){ref-type="disp-formula"} leads to [eq [14](#eq14){ref-type="disp-formula"}](#eq14){ref-type="disp-formula"} and a possible extremum of *T*~C~(*P*) curves for higher pressures. If the atmospheric pressure is assumed as the reference, that is, Δ*P* = *P*, one obtains *b* = *B* and *b* = *A*/*B*. Within the limit of experimental error, such condition can be approximated by the atmospheric pressure *P*~C~^ref.^ ≈ 0.1 MPa ([Figure [6](#fig6){ref-type="fig"}](#fig6){ref-type="fig"}).^[@ref43]−[@ref45]^

![Distortion-sensitive analysis of *T*~C~(*P*) experimental data for 1-nitropropane--decane critical mixture. It is based on [eq [13](#eq13){ref-type="disp-formula"}](#eq13){ref-type="disp-formula"} and focuses on the domain of validity of [eq [12](#eq12){ref-type="disp-formula"}](#eq12){ref-type="disp-formula"}, shown by the straight line. A hallmark of *D*(*P*) term ([eq [14](#eq14){ref-type="disp-formula"}](#eq14){ref-type="disp-formula"}) emerges only for *P* \> 220 MPa. For some critical mixtures in nitrobenzene and *o*-nitrotoluene + *n*-alkane homologous series, the damping term cannot be neglected ([Figures [3](#fig3){ref-type="fig"}](#fig3){ref-type="fig"} and [4](#fig4){ref-type="fig"}, [Table [2](#tbl2){ref-type="other"}](#tbl2){ref-type="other"}).](ao0c01772_0011){#fig6}

[Figure [5](#fig5){ref-type="fig"}](#fig5){ref-type="fig"} and [Table [2](#tbl2){ref-type="other"}](#tbl2){ref-type="other"} show that the damping term is absent for 1-nitropropane + *n*-alkane mixtures in the tested range of pressures: *T*~C~(*P*) ∝ *R*(*P*) and *D*(*P*) ≈ 1. The scaling behavior in [Figure [5](#fig5){ref-type="fig"}](#fig5){ref-type="fig"} indicates that in 1-nitropropane--*n*-alkanes homologous series, only the critical consolute temperature under atmospheric pressure changes.

###### Values of Parameters for [Eqs [10](#eq10){ref-type="disp-formula"}](#eq10){ref-type="disp-formula"} and [11](#eq11){ref-type="disp-formula"}, Describing Changes of the Critical Consolute Temperatures and Concentrations for Tested Homologous Series of Critical Mixtures

  critical mixture                               *x*~o~, *a*~*n*~   *T*~o~ (K), *b*~*n*~
  ---------------------------------------------- ------------------ ----------------------
  nitrobenzene--*n*-alkanes, *P* = 0.1 MPa       --0.0058, 0.0328   289.4, 0.0663
  nitrobenzene--*n*-alkanes, *P* = 50 MPa                           285.6, 0.086
  *o*-nitrotoluene--*n*-alkanes, *P* = 0.1 MPa   0.0656, 0.036      271.5, 0.065
  1-nitropropane--*n*-alkanes, *P* = 0.1 MPa     0.0632, 0.0292     271.1, 0.105

###### Values of Parameters Portraying *T*~C~(*P*) via [Eq [12](#eq12){ref-type="disp-formula"}](#eq12){ref-type="disp-formula"}, with the Support of the Preliminary Analysis via [Eqs [13](#eq13){ref-type="disp-formula"}](#eq13){ref-type="disp-formula"} and [14](#eq14){ref-type="disp-formula"} for Experimental Data Given in [Figures [3](#fig3){ref-type="fig"}](#fig3){ref-type="fig"}--[5](#fig5){ref-type="fig"}

  mixture                          *n*-alkane                                       \<keep-together\>*T*~C~^ref.^ (*P* = 0.1 MPa)\</keep-together\> (K)   Π (MPa)   *b*     *c* (GPa^--1^)
  -------------------------------- ------------------------------------------------ --------------------------------------------------------------------- --------- ------- ----------------
  nitrobenzene + *n*-alkane        eicosane                                         316.1                                                                 350       15      0
                                   hexadecane                                       310.8                                                                 380       21      0
                                   tetradecane                                      302.7                                                                 300       33      0
                                   dodecane                                         298.9                                                                 253       50      0
                                   undecane                                         297.2                                                                 159       156     0
                                   decane                                           296.1                                                                 4.0       --180   0.31
                                   octane                                           293.2                                                                 11        --63    0.19
                                   hexane                                           291.9                                                                 45.2      --25    0.31
                                   pentane                                          290.3                                                                 55        --59    0.31
  *o*-nitrotoluene + *n*-alkanes   tetradecane                                      303.7                                                                 20        72      --0.012
                                   decane                                           296.6                                                                 60        --190   0.7
                                   hexane                                           287.2                                                                 60        --62    0.9
  1-nitropropane + *n*-alkanes     from hexane (*n* = 6) to octadecane (*n* = 18)   *n*---*T*~C~                                                          170       12.5    0
                                                                                    6--274.9                                                                                 
                                                                                    8--277.8                                                                                 
                                                                                    10--281.4                                                                                
                                                                                    12--286.5                                                                                
                                                                                    13--288.6                                                                                
                                                                                    14--292.2                                                                                
                                                                                    16--296.5                                                                                
                                                                                    18--305.8                                                                                

To discuss molecular origins of the reported *T*~C~(*P*) behavior, one can consider [Figure [7](#fig7){ref-type="fig"}](#fig7){ref-type="fig"}, where for nitrobenzene -- *n*-alkanes, critical mixture changes *dT*~*C*~/*dP* are presented. The inset shows linear dependences of d*T*~C~/d*P* versus *V*^*E*^(*n*) (the volume excess), in agreement with MSKS, as shown [eq [2](#eq2){ref-type="disp-formula"}](#eq2){ref-type="disp-formula"}. This figure also shows changes in d*T*~C~/d*P* coefficient under pressure. Such behavior is in agreement with MSKS, as shown in [eq [2](#eq2){ref-type="disp-formula"}](#eq2){ref-type="disp-formula"}.

![Changes of d*T*~C~/d*P* coefficient in nitrobenzene--*n*-alkane critical mixtures: in red are the results under atmospheric pressure and in blue for *P* = 50 MPa. The inset shows the volume excess for the given homologous series: numbers are related to *n*-alkanes.](ao0c01772_0012){#fig7}

The molecular explanation of presented *T*~C~(*P*) dependences is possible when additionally taking into account the results of NDE studies in mixtures of tested nitro-compounds with a nondipolar solvent, as shown in [Figure [8](#fig8){ref-type="fig"}](#fig8){ref-type="fig"}. NDE describes changes of dielectric constant because of the action of the strong electric field: ε(*E*) = ε(*E* → 0) + Δε*E*^2^ and then NDE = Δε/*E*^2^ = \[ε(*E*) -- ε(*E* → 0)\]/*E*^2^. In mixtures of unlimited miscibility, NDE is characterized by the Debye--Herweg--Piekara relation^[@ref41]^where *F*(ε,ρ) is the local field factor, *N*~dip~ denotes the number of permanent dipole moments in a unit volume, μ means the permanent dipole moment and *R*~S~ stands for the dipole--dipole correlation factor.

![Isothermic changes of NDE effect in mixtures of nitro compounds \[nitrobenzene (nb), 1-nitropropane (1-np), *o*-nitrotoluene (*o*-nt)\] and nondipolar solvents (CCl~4~, hexane). Studies in mixtures of unlimited miscibility, with CCl~4~, were carried out for *T* = 20 °C. Nitrobenzene--hexane is the mixture of limited miscibility, with the critical concentration *x*~C~ = 0.426 mole fraction nitrobenzene: results for such mixtures are for the homogeneous liquid phase for *T* = *T*~C~ + Δ*T*. Values of Δ*T* are given in the figure.](ao0c01772_0013){#fig8}

[Equation [15](#eq15){ref-type="disp-formula"}](#eq15){ref-type="disp-formula"} illustrates the extreme sensitivity of NDE to basic molecular properties, including intermolecular interactions.^[@ref41]^[Figure [8](#fig8){ref-type="fig"}](#fig8){ref-type="fig"} presents experimental results coupled to [eq [15](#eq15){ref-type="disp-formula"}](#eq15){ref-type="disp-formula"}, for mixtures of unlimited miscibility, in which the nondipolar solvent (carbon tetrachloride, CCl~4~) occupies the same volume as hexane in the critical (dipolar) nitro-compound--hexane mixture of limited miscibility. For 1-nitropropane and CCl~4~ mixture, Piekara's correlation factor *R*~s~(*x*) ≈ 1, as shown in [eq [15](#eq15){ref-type="disp-formula"}](#eq15){ref-type="disp-formula"}, and approximately linear changes of NDE toward negative values occur *N*~dip~ ∝ *x*.^[@ref41]^ The same pattern appears for diluted mixtures of nitrobenzene and *o*-nitrotoluene in a nondipolar solvent. For higher concentrations of these nitro-compounds, the dipole--dipole coupling emerges what yields the increasingly negative correlation factor *R*~s~(*x*) and then for *x* → 1 the strongly positive NDE.^[@ref41]^ The latter behavior results from the coupling of benzene rings leading to the antiparallel dipole moment arrangements.^[@ref41]^ Notably, this is the confirmation for such coupling beyond NDE studies.^[@ref46],[@ref47]^ Nitrobenzene--hexane is the mixture where the limited miscibility takes place. The additional strong positive contribution from pretransitional fluctuations appears in the vicinity of the critical concentration, visible for nitrobenzene--hexane mixtures, as shown in [Figure [8](#fig8){ref-type="fig"}](#fig8){ref-type="fig"}. Notably, that discussed above reference measurements in mixtures of unlimited miscibility constitute the necessary tool for determining the "critical" contribution on approaching the critical consolute temperature^[@ref48]−[@ref51]^where *x* = *x*~C~, *T* \> *T*~C~, the index "~B~" is for the noncritical background effect, "~C~" for the critical contribution, and the critical exponent ψ ≈ 0.4.

The isothermal (*T* ≈ *T*~C~) concentration-related changes of NDE, as visible in [Figure [8](#fig8){ref-type="fig"}](#fig8){ref-type="fig"}, portray the relation^[@ref50]^

The model explanation of NDE precritical effect is proposed in refs.^[@ref50],[@ref52]^ It linked the anomalous increase to the appearance of critical fluctuations and their elongation under the strong electric field, which led to the relation^[@ref50]−[@ref52]^where ⟨Δ*M*^2^⟩~V~ ∝ (*T* -- *T*~C~)^2β^ denotes the average of local fluctuations of the order parameter. Generally, the critical evolution of susceptibility (compressibility) is given by χ~T~ ∝ (*T* -- *T*~C~)^−γ^ ≈ (*T* -- *T*~C~)^−1.23^. However, under the strong electric field, the classical = nonclassical crossover occurs and χ~T~ ∝ (*T* -- *T*~C~)^−1.02^.

The comparison of results, as presented in [Figures [7](#fig7){ref-type="fig"}](#fig7){ref-type="fig"} and [8](#fig8){ref-type="fig"}, shows the following behavior: d*T*~C~/d*P* \< 0, *V*^*E*^ \< 0, and NDE \< 0 (in [eq [15](#eq15){ref-type="disp-formula"}](#eq15){ref-type="disp-formula"}: *R*~S~ ≈ 1) ⇒⇒⇒ increasing length of *n*-alkane and concentrations of nb and *o*-nt ⇒⇒⇒ d*T*~C~/d*P* \> 0, *V*^E^ \> 0, NDE \> 0 (*R*~S~ \< 0 in [eq [15](#eq15){ref-type="disp-formula"}](#eq15){ref-type="disp-formula"}).

The correlation between the excess volume *V*^E^ and d*T*~C~/d*P* agrees with the basic MSKS, as shown in [eq [2](#eq2){ref-type="disp-formula"}](#eq2){ref-type="disp-formula"}. Results of NDE measurement can indicate that "better packing" of molecules in the mixture (*V*^E^ \< 0) can be associated with the 2D molecular structure of nitrobenzene and *o*-nitrotoluene molecules, which may introduce some preferred local arrangements for surrounding them with rod-like *n*-alkanes. The coupling of nitrobenzene and *o*-nitrotoluene molecules for their higher concentrations leads to the appearance of 3D molecular structures, which cancels the mentioned mechanism, leading to *V*^E^ \> 0. Such a concept agrees with the crossover d*T*~C~/d*P* \< 0 → d*T*~C~/d*P* \> 0 also observed on compressing. The next confirmation of the proposed picture may be a similar behavior in oligostyrene--*n*-alkane mixtures (see [Appendix 2](#app2){ref-type="other"} and ref ([@ref40])). Notably, the mentioned mechanism has to be absent for 1-nitropropane--*n*-alkane mixtures, (see NDE behavior in [Figure [8](#fig8){ref-type="fig"}](#fig8){ref-type="fig"}), in the agreement with the results, as shown in [Figure [5](#fig5){ref-type="fig"}](#fig5){ref-type="fig"}.

Coexistence Curve {#sec2.2}
-----------------

The coexistence curve (binodal) determines the border between the homogeneous region of unlimited miscibility and the two-phase domain, with the peak defining (*x*~C~, *T*~C~).^[@ref26]^ However, the impact of pressure on the shape of the binodal is still poorly evidenced.^[@ref22]−[@ref24]^ It is undoubtedly because of difficulties associated with high-pressure studies. Relevant is the measuring module placed inside the high-pressure chamber, which must ensure the complete isolation from the pressure-transmitting medium matched with high reliability of results.^[@ref50]^[Figure [9](#fig9){ref-type="fig"}](#fig9){ref-type="fig"} shows the coexistence curve for nitrobenzene--decane critical mixture under *P* = 105 MPa, determined via measurements of dielectric constant, as described in the [Experimental Section](#sec4){ref-type="other"}. The plot also shows the calculated evolution of the diameter. The dashed (red) line is for the CM law of rectilinear diameter.^[@ref28]−[@ref30]^

![Coexistence curve for nitrobenzene--decane mixture of limited miscibility under *P* = 105 MPa. The straight dashed line is for the law of rectilinear diameter.^[@ref28]−[@ref30]^](ao0c01772_0014){#fig9}

The diameter-focused plot is presented in [Figure [10](#fig10){ref-type="fig"}](#fig10){ref-type="fig"}. It exhibits the fairly well portrayal via [eq [3](#eq3){ref-type="disp-formula"}](#eq3){ref-type="disp-formula"}, also remote from the critical point. Such evolution also can be expressed in the form^[@ref3],[@ref26],[@ref29],[@ref30]^where the dimension-less distance from the critical temperature *t* = \|*T* -- *T*~C~\|/*T*~C~

![Diameter of the coexistence curve in nitrobenzene--decane mixture under *P* = 105 MPa. The dashed brown line is for the CM law of rectilinear diameter.^[@ref28]−[@ref30]^ The real critical concentration and the biased estimation via the CM law are indicated. The blue curve is related to [eq [18](#eq19){ref-type="disp-formula"}](#eq19){ref-type="disp-formula"} with *x*~C~ = 0.608, *a*~d~ = 0.09, *A*~d~ = 0.1, Δ~d~ = 0.006, and exponents α = 0.115 and Δ~1~ = 0.5. The red line shows the CM law.](ao0c01772_0002){#fig10}

The analysis based on [eq [18](#eq19){ref-type="disp-formula"}](#eq19){ref-type="disp-formula"} offers an excellent portrayal of the strong d(*T*) pretransitional anomaly in the immediate vicinity of *T*~C~ as well as the almost linear behavior remote from *T*~C~, as presented in [Figure [11](#fig11){ref-type="fig"}](#fig11){ref-type="fig"}. The red line in this figure shows that the CM rectilinear behavior^[@ref8]−[@ref30]^ strongly failing close to *T*~C~.

![Order parameter analysis of the shape of the coexistence curve for the nitrobenzene--decane system under *P* = 105 MPa. Δ*x* denotes the difference between nitrobenzene concentrations in coexisting phases. The applied log--log scale reveals the linearity, as resulted from [eqs [4](#eq4){ref-type="disp-formula"}](#eq4){ref-type="disp-formula"} and [6](#eq6){ref-type="disp-formula"}. The single-exponent term portrayal is possible ca. for \|*T* -- *T*~C~\| \< 1 K.](ao0c01772_0003){#fig11}

It is noteworthy that *x*~C~^CM^ + *a*~d~^CM^*t* ≠ *x*~C~ + *a*~d~*t*, that is, the linear term, as shown in [eq [18](#eq19){ref-type="disp-formula"}](#eq19){ref-type="disp-formula"}, does follow experimental data remote from *T*~C~, as shown in [Figures [9](#fig9){ref-type="fig"}](#fig9){ref-type="fig"} and [10](#fig10){ref-type="fig"}. This shows that all terms, as shown in [eq [18](#eq19){ref-type="disp-formula"}](#eq19){ref-type="disp-formula"}, contribute to the critical effect of d(*T*), at any distance from *T*~C~.

The order parameter-focused analysis of the binodal, based on [eqs [4](#eq4){ref-type="disp-formula"}](#eq4){ref-type="disp-formula"} and [6](#eq6){ref-type="disp-formula"}, as shown in [Figure [11](#fig11){ref-type="fig"}](#fig11){ref-type="fig"}. It yields the exponent β ≈ 0.335 ± 0.01 for *T* -- *T*~C~ \< 1 K, the value is within the limit of the experimental error in agreement with the (3, 1) universality class model value (β ≈ 0.325) for *T* → *T*~C~.^[@ref4],[@ref5]^ Notably, critical mixtures are strongly susceptible to contaminations, which influence values of both critical exponent and *T*~C~.^[@ref53],[@ref54]^ The analysis of the shape of the binodal showed a minimal shift of the critical concentration Δ*x* \< 0.01 mole fraction of nitrobenzene, in fair agreement with Jacobs' [eq [3](#eq3){ref-type="disp-formula"}](#eq3){ref-type="disp-formula"}.^[@ref25]^

Conclusions {#sec3}
===========

Results presented above show the evidence regarding the impact of pressure on the critical consolute temperature in three homologous series of mixtures of limited miscibility composed of dipolar nitro-compounds and the nondipolar solvent (*n*-alkanes). For nitrobenzene--*n*-alkanes and *o*-nitrotoluene--*n*-alkane critical mixtures, the transformation d*T*~C~/d*P* \< 0 → d*T*~C~/d*P* \> 0 is observed. The correlation of this phenomenon with the shift of the volume excess *V*~E~ \< 0 → *V*~E~ \> 0 and the appearance of dimer intermolecular coupling for the dipolar component (NDE studies) is evidenced. Notably, similar d*T*~C~/d*P* changes appear for critical mixtures of oligostyrene--*n*-alkanes^[@ref40]^ (see [Appendix 2](#app2){ref-type="other"}) and 1-alkanol--water,^[@ref55]^ where the strong intermolecular coupling can also be expected. For 1-nitropropane and *n*-alkane critical mixtures, where the coupling is negligible, the same pattern of *T*~C~(*P*) evolution and d*T*~C~/d*P* \> 0 is shown. In agreement with general expectations of the *Physics of Critical Phenomena*,^[@ref3],[@ref26]^ even high compressing has no impact on universal critical exponents characterizing the coexistence curve. However, this report shows that the high compression causes a notable "amplification" of the pretransitional anomaly of the diameter ([Figures [9](#fig9){ref-type="fig"}](#fig9){ref-type="fig"} and [10](#fig10){ref-type="fig"}), usually very weak under atmospheric pressure.^[@ref18],[@ref19],[@ref26],[@ref29],[@ref30],[@ref32]^ Finally, worth stressing is the new evidence regarding changes of *T*~C~(*n*) and *x*~C~(*n*) ([eqs [9](#eq9){ref-type="disp-formula"}](#eq9){ref-type="disp-formula"} and [10](#eq10){ref-type="disp-formula"}) within homologous series of tested critical mixtures.

Four decades ago, the CM law of rectilinear diameter^[@ref28]^ ceased to be the omnipotent tool for estimating the critical concentration in critical binary mixtures.^[@ref29],[@ref30]^ No alternative concept of its precise and easy determination has appeared since then. This report presents the new and reliable experimental tool for the fast estimation of the critical concentration and temperature (see the [Experimental Section](#sec4){ref-type="other"}).

In conclusion, this report presents a set of new dependencies, which can portray changes of the critical consolute temperature and concentration, as the function of pressure and within homologous series of low-molecular liquids composed of a nitro compound and *n*-alkanes. It is shown that it is even possible to prepare a critical mixture for which d*T*~C~/d*P* ≈ 0 in a broad range of pressures. All these can be significant for fundamental modeling and practical implementations exploring unique near-critical features.

Experimental Section {#sec4}
====================

Studies were carried out in mixtures of nitrobenzene, *o*-nitrotoluene, and 1-nitropropane with *n*-alkanes. Nitro compounds were distilled twice under vacuum. Solvents (*n*-alkanes) were purchased from Sigma-Aldrich and used without additional purification. Coordinates of critical points were determined using the new implementation of the visual method (see below) for which the coexistence curve is determined via observations of the fractional meniscus heights in a set of ampoules with mixtures of different concentrations. They were placed in a transparent thermostatted system (50 L volume). Observations started in the homogeneous liquid phase, and on cooling, the temperature of the phase separation associated with the binodal was registered. [Figure [12](#fig12){ref-type="fig"}](#fig12){ref-type="fig"} shows ampoules with noncritical (*x* \< *x*~C~ and *x* \> *x*~C~) and critical (*x* = *x*~C~) concentrations, just after the separation of coexisting phases.

![Ampoules with samples of nitrobenzene--decane mixtures, with critical and noncritical concentrations, just after the phase transition from the homogeneous liquid to the two-phase region. Coexisting phases are separated by the meniscus, indicated by arrows. The turbidity is because of the critical opalescence. Samples were prepared, and the photo was taken by the authors.](ao0c01772_0004){#fig12}

On further cooling, the position of the meniscus for noncritical samples shifts toward the middle of the ampoule. The analysis of the volume occupied by coexisting phases, which reflects the registered relative height of the meniscus, enables the determination of the binodal curve and parameters describing the CCP, described below.

In the last decades, the qualitative progress in high-pressure experimental implementations occurred.^[@ref23],[@ref50]^ This includes reliable and reusable systems of seals for high-pressure chambers, user-friendly, and programmable systems for changing and controlling both pressure and temperature. Notably, high pressures can be created in relatively large volumes from tens of milliliter to even a few liters;^[@ref50],[@ref56],[@ref57]^ for presented studies, this was ca. 30 mL. This issue is worth stressing because it enables the designing of modules for high-resolution monitoring of physical properties under high pressure^[@ref50]^ or annealing large pieces of materials.^[@ref56],[@ref57]^ For presented studies, the pressure chamber was linked to *V* = 25 L thermostat (Julabo) with the external circulation to control the temperature. It was monitored by the thermocouple inside the pressure chamber and two platinum Pt 100 resistors to test the temperature gradient along with the chamber. All these enable the temperature control up to ±0.02 K.

The special computer-controlled pressure pump enables the control of the fluid transmitted pressure into the interior of the chamber (Plexol), where the measuring module (capacitor) with the tested sample was placed. The latter guaranteed the complete isolation between Plexol and tested samples. This issue is worth stressing because near-critical liquids are extremely sensitive to contaminations.^[@ref26],[@ref48],[@ref53]^ Consequently, for high-pressure studies, the separation between the measured sample and the liquid transmitting high pressure constitutes the grand challenge. For the presented results, tested liquid samples were placed within the special measurement capacitor for dielectric tests, subsequently located within the pressure chamber. Its design is shown in ref ([@ref50]). The pressure was transmitted via the deformation of 20 μm thick Teflon film, and samples were in contact only with the stainless steel, Teflon, and quartz. The compression could be increased or decreased without any contamination risk. Parameters of the measurement capacitor: the gap *d* = 0.3 mm, and the diameter 2*r* = 16 m. Only 0.8 ccm of a sample was required for tests. Phase separation temperatures under pressure were determined using dielectric constant measurements (*f* = 10 kHz, Alpha Novocontrol Impedance Analyzer) via the detection of sharp changes of its value when passing the coexistence curve border on cooling or compressing. It was associated with the fact that the gap of the capacitor was in the lower coexisting phase, in which dielectric constant was notably higher than in the homogeneous liquid phase, in the case of nitro-compound + *n*-alkane mixtures.^[@ref58]^ The vast majority of tests was carried out as the function of pressure because of the appearance of the precritical effect in the homogeneous liquid phase, more robust than for the temperature path.^[@ref58]^ Such behavior indicated approaching phase transition what supported its precise estimation. After detecting the phase transition, the sample returned to the homogeneous liquid phase via heating and/or decompressing. Additionally, the sequence of high-voltage pulses from the apparatus used for the NDE studies^[@ref50]^ was used for supporting the homogenization of the tested mixture. After reaching the homogeneous liquid state, subsequent temperatures and pressures associated with the coexistence curve could be detected. NDE describes changes of dielectric constant because of the action of the strong electric field *E*: Δε^E^/*E*^2^ = (ε(*E*) -- ε)/*E*^2^. NDE measurements are associated with detecting minimal changes of dielectric capacitance, namely Δ*C*(*E*)/*C* ∼ 10^--6^. For measuring such subtle differences in the electric capacitance, the dual-field resonant method for NDE measurement was used.^[@ref50]^ The detection was carried out by the weak measuring field (*f*~meas.~ = 1 MHz and *U*~meas.~ = 1 V), and the strong electric field was applied in the form of DC pulses, lasting Δ*t* = 2 ms, *U* = 500--1200 V, and 100 ms distance between subsequent strong electric field pulses.

Reference values of critical concentrations and temperatures were also taken from earlier studies of the authors^[@ref42]^ and estimated using the visual method^[@ref31]^ described below. Notably, the innovative analysis offers a new and fast method for determining (*x*~C~, *T*~C~): see below.

For the visual method^[@ref31]^ for determining phase equilibria and critical parameters, a set of mixtures with different concentrations is prepared and placed in cylindrical ampoules ([Figure [12](#fig12){ref-type="fig"}](#fig12){ref-type="fig"}). Initially, the mixture is homogeneous, but on cooling samples, it entered the two-phase region. Considering the entire volume of the sample (*V*) and volume of the lower (*V*^L^) and upper phase (*V*^U^) coexisting phases, separated by the meniscus, one obtains the equation

In the two-phase domain, for *T* = const, mixtures (A and B components) with an arbitrary total concentration of the mixture (φ = φ~A~ = *V*~A~/*V*) are characterized by the same concentration in coexisting phases φ^L^, φ^U^, but volumes *V*^L^, *V*^U^ and then different *h*^L^, *h*^U^ are different. Considering two samples with different total concentration φ~*i*~, φ~*j*~, one obtains a couple of equations^[@ref31]^where the temperature *T* = const and φ~*i*~ ≠ φ~*j*~

Values φ~*i*~, φ~*j*~ are known after the preparation of samples, and fractional meniscus heights can be determined for subsequently tested temperatures. Their evolution is shown in [Figure [13](#fig13){ref-type="fig"}](#fig13){ref-type="fig"}. The solution of the system of relations ([eq [20](#eq21){ref-type="disp-formula"}](#eq21){ref-type="disp-formula"}) yields values φ^L^ and φ^U^, for subsequently tested temperatures. These values define the coexistence curve (binodal). One can increase the accuracy when testing *k* mixtures with different concentrations leading to pairs of equations, like [eq [20](#eq21){ref-type="disp-formula"}](#eq21){ref-type="disp-formula"}, and a similar set of φ^L^ and φ^U^. They can be statistically analyzed, for each tested temperature.

![Examples of the normalized temperature evolutions of fractional meniscus heights (f.m.h.) in nitrobenzene--decane mixtures of limited miscibility; *T*~C~ -- *T* denotes the distance from the critical consolute temperature. Studies were carried out in cylindrical ampoules, as shown in [Figure [12](#fig12){ref-type="fig"}](#fig12){ref-type="fig"}.](ao0c01772_0005){#fig13}

Tests can be simplified and speed-up if focusing solely on values of the critical concentration and temperature. The latter is easy relatively determined experimentally because the peak of the binodal curve is "flat", that is, in the broad surrounding of the critical concentration, φ~C~ ± Δφ the detected phase transition temperature is "the same", within the experimental error: in this report *T*~C~ ± 0.02 K. This favorite feature for *T*~C~ estimated creates fundamental problems for the critical concentration. For decades, the CM law^[@ref28]−[@ref30]^ was broadly used as a convenient tool for the determination of critical concentration, density, and so on. However, its usage requires at least rough knowledge of the binodal curve, which can constitute some problems. It also leads to the substantial error because of the precritical anomaly of the diameter.

However, based on [eq [19](#eq20){ref-type="disp-formula"}](#eq20){ref-type="disp-formula"} and [eq [20](#eq21){ref-type="disp-formula"}](#eq21){ref-type="disp-formula"}, one can propose the new way of the simple, fast, and accurate determining of the critical concentration. [Equation [20](#eq21){ref-type="disp-formula"}](#eq21){ref-type="disp-formula"} directly yields the dependence for the fractional meniscus height

For *T* = const in coexisting φ^*L*^ = const and φ^L^ = const, for the arbitrary total concentration, φ = φ~*i*~ of the mixture, and then one can define coefficients: *a* = φ^L^/(φ^L^ -- φ^U^) = const and *A* = 1/(φ^L^ -- φ^U^) = const, *a* = φ^L^/(φ^L^ -- φ^U^) = *A*φ^L^ = const. The linear isothermal behavior resulted from [eq [21](#eq22){ref-type="disp-formula"}](#eq22){ref-type="disp-formula"} is validated by experimental data, as shown in [Figure [14](#fig14){ref-type="fig"}](#fig14){ref-type="fig"}. For different temperatures, one obtains a set of lines that intersects for φ = φ~C~. Hence, the critical concentration can be estimated even using only two samples of mixtures of limited miscibility with different total concentrations (φ~*i*~, φ~*j*~), for which the fractional meniscus heights (*h*~*i*~, *h*~*j*~) are determined for only two different temperatures. Notably, fractional meniscus heights establish here relative volumes occupied by coexisting phases.

![Isothermal, concentration dependence of fractional meniscus height for different temperature distances from the CCP. The intersection of lines determines the critical concentration, indicated by the red, dashed, arrow: *x*~C~ = 0.558 mole fraction of nitrobenzene. The vertical arrow indicates the fractional meniscus height for the critical mixture *h*~C~ = 0.462. The plot shows that [eqs [21](#eq22){ref-type="disp-formula"}](#eq22){ref-type="disp-formula"} and [22](#eq23){ref-type="disp-formula"} derived for the volume fraction concentration remain valid also for the mole fraction.](ao0c01772_0006){#fig14}

This can be done graphically ([Figure [14](#fig14){ref-type="fig"}](#fig14){ref-type="fig"}) or via the linear regression yielding coefficients *a*~*i*~, *A*~*i*~ and *a*~*j*~, *A*~*j*~ and subsequently, using the equation resulted directly from [eq [21](#eq22){ref-type="disp-formula"}](#eq22){ref-type="disp-formula"}

Focusing on the critical temperature, one can recall that in the near-critical domain φ^L^ -- φ^U^ ≈ *B*(*T*~C~ -- *T*)^β~eff~^ (see [eq [7](#eq7){ref-type="disp-formula"}](#eq7){ref-type="disp-formula"}) and taking into account [eq [21](#eq22){ref-type="disp-formula"}](#eq22){ref-type="disp-formula"}

Thenwhere *X* = ln(*T*~C~ -- *T*), *T* = *T*~*m*~, *T*~*n*~,\... is related to subsequently tested temperatures.

The application of [eq [25](#eq26){ref-type="disp-formula"}](#eq26){ref-type="disp-formula"} yields a linear dependence for *a*~*i*,*m*~ versus *X* plots, for the optimal selection of *T*~C~.

The above analysis used the volume fraction. For converting results into the mole fraction, one can entirely control the preparatory stage of mixtures regarding both the mass and volume. Alternatively, one can consider the molar concentration *c* = *n*/*V*, where *n* = *m*/*M* stands for the number of moles, *m* is for the weight, and *M* for the molar mass. Exploring the conservation of moles of the selected component in the mixture *n*~*i*~ = *n*~*i*~^L^ + *n*~*i*~^U^ what for two samples with different total molar concentrations *n*~*i*~, *n*~*j*~ yields a couple of equations

All these made it possible to repeat the above protocol for the molar concentration. Because values of volumes *V*, *V*^L^, *V*^U^ are known from the experiment, one can calculate the number of moles *n* and then the critical concentration in mole fraction.

The knowledge of the impact of pressure on the critical consolute temperature is essential for explaining properties observed in temperature tests under atmospheric pressure. For instance, the value of (d*T*~C~/d*P*) is contained in critical amplitudes^[@ref59]−[@ref62]^where parameters are related to the behavior for dielectric constant, specific heat *c*(*T*) = *c*~C~ + *c*~b~*t* + *C*^+^*t*^--α^+\..., the thermal expansion coefficient α~P~(*T*) = α~C~ + α~b~ + *A*^+^*t*^1−α^ +\... and density ρ(*T*) = ρ~C~ + ρ~b~*t* + Θ^+^*t*^1−α^ +\..., and the correlation length ξ(*T*) = ξ~0~*t*^--ν^. They describe changes above the critical consolute temperature *T* \> *T*~C~ (*P* = const), as the function of *t* = (*T* -- *T*~C~)/*T*~C~. *R*~ξ~ is the universal "critical" coefficient; note that it is determined solely by values of dimensionalities *d* and *n*~OP~, what is the actual prediction for universal properties within the *Physics of Critical Phenomena*.^[@ref3]^

Worth recalling are unique features of critical mixtures that can appear because of the selection of components. For instance, in methanol--cyclohexane mixtures, matching of densities causes that phenomena generally expected in the Space Lab appear.^[@ref62]^ For nitroethane--isooctane critical mixture, matching of refractive indexes makes the critical opalescence almost absent.^[@ref60]^ One can also tune dielectric constant^[@ref58]^ or viscosity.^[@ref63]^

In ref ([@ref40]), the pressure evolution of the critical consolute temperature in *n*-alkane--oligostyrene mixtures of limited miscibility was tested.

Based on these experimental data, [Figure [A1](#fig15){ref-type="fig"}](#fig15){ref-type="fig"} was prepared, assuming critical consolute temperatures under atmospheric pressure as the reference. It shows explicit the change of the sign of d*T*~C~/d*P* occurring on increasing the length of *n*-alkane and also on compressing. Solid curves show that the possibility of portraying *T*~C~(*P*) experimental data via [eq [12](#eq12){ref-type="disp-formula"}](#eq12){ref-type="disp-formula"}.

![Pressure changes of critical temperatures for oligostyrene--*n*-alkane critical mixtures. As a reference, values of *T*~C~ under atmospheric pressure are assumed. The structures of styrene and polystyrene units are shown. Solid curves are related to [eq [12](#eq12){ref-type="disp-formula"}](#eq12){ref-type="disp-formula"}. The authors are grateful to Imre for experimental data, first published in ref ([@ref40]), but without the normalized scale and the functional portrayal.](ao0c01772_0015){#fig15}
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